Herpes simplex is a disease that is widely distributed throughout the world. It is caused by herpes simplex virus type 1 (HSV-1) and simplex virus type 2 (HSV-2). The drugs of choice for treatment are acyclovir (ACV), Penciclovir (PCV) and other guanine analogues, which have the same mechanism of action. However, due to the constant increase of ACV-resistant strains in immunocompromised patients, it is necessary to find new treatment alternatives. It has been shown that natural products are a good alternative for the treatment of these diseases as well as being an excellent source of compounds with anti-herpetic activity, which may be useful for the development of new drugs and act through a mechanism of action different from ACV and PCV. This paper compiles reports on extracts and compounds isolated from plants that have anti-herpetic activity. We present an analysis of the solvents most widely used for extraction from plants as well as cells and commonly used methods for evaluating cytotoxic and anti-herpetic activity. Families that have a higher number of plants with anti-herpetic activity are evaluated, and we also highlight the importance of studies of mechanisms of action of extracts and compounds with anti-herpetic activity.
Herpes simplex virus
Herpes is an emerging disease, caused by infection and replication of HSV-1 and HSV-2 in in mucosal tissue cells, both in the mouth and genitals. This disease is characterized by the appearance of erythematous vesicles that tend to quickly erode causing painful ulcers, accompanied by various clinical manifestations that can range from fever, malaise, diffuse muscle pain, headaches, itching and symptoms depend on the affected area [1] [2] [3] . HSV-1 and HSV-2 belong to the alpha subfamily of the Herpesvirus (or Herpesviridae) family, which includes a relatively large number of viruses with DNA genetic material. However, only some of these viruses affect and have man as a reservoir, as in the case of HSV-1 and HSV-2, which differ serologically, but from a genetic point of view, are very similar. Their approximate size is 150-250 nm, and they are composed of four structural elements to DNA core, a capsid, a tegument, and an envelope [4] [5] [6] [7] [8] .Both types of viruses can be transmitted through saliva or secretions, which usually require direct contact between the cell membranes of the mucosal tissue. HSV is a recurrent infectious disease. After primary or pro infection, the virus remains latent in the sensory ganglia of the trigeminal, vagus or sacral nerves for a lifetime. Multiple environmental factors, among which emotional stress, fever, exposure to UV light, and hormonal changes, among others, induce reactivation or recurrences, which are nothing more than clinical manifestations of a new phase of viral replication as well as virus progression through nerve fibers to reach the skin again [9] [10] [11] [12] [13] .
The HSV-1 affects more than 80% of the world population [14, 15] . In Europe seroprevalence rangess between 52-84% and 4-14% for HSV-1 and HSV-2, respectively [16] , while in the United States a seroprevalence of 53.9 and 15.7% for HSV-1 and HSV-2, respectively, is reported among individuals aged 14 to 49 years [17] . The prevalence in Mexico is 80.9 for HSV-1, including viruses most often found in periodontal infections [18] . On the other hand a prevalence of 9.9% has been reported for HSV-2, also an increased risk of infectionin women has been reported, increasing the likelihood of passing the infection to their offspring during pregnancy, which can lead to neonatal death [19] .
In the United States it is estimated that the annual cost of caring for genital herpes, is around 1,000 billion dollars [20] . There are reports that HSV-1 is the main etiological agent of Bell's palsy [21] , in addition to causing herpetic keratoconjunctivitis, which in relapses resulting in vision loss, with this being a prominent cause of blindness in developing countries [13] .
Another form of infection is herpes encephalitis, which is caused by recurrence of a dormant virus. This condition progresses rapidly to coma and death, usually affecting older people with a mortality of 70%. Only 2.5% of patients who survive have no neurological sequelae. Herpes infection has also been reported in the induction of Alzhimer's syndrome [22] . There are studies that have demonstrated infection from mothers to infants with mortality of 70-80% in the absence of treatment. In this case, those who survive often have brain damage [13, 23, 24] . A high association between HSV and HIV/AIDS has been reported because it has been found that herpetic eruptions facilitate HIV infection in high-risk subjects. When the host presents immunosuppression, HSV recurrences are more frequent causing a higher risk of infection [20, [23] [24] [25] [26] [27] . Finally, it is worth mentioning that in addition to papillomavirus (HPV) infection, infection with HSV-2 increases the risk of developing cervical cancer [23, 28] .
Currently, there are systemic treatments that partially control the symptoms and signs of herpetic eruptions. Common treatment for different forms of HSV infection is carried out with the drugs of choice ACV and PCV [29] [30] [31] . These antivirals belong to a group of nucleoside inhibitors and guanine analogues and they are characterized by being phosphorylated selectively by a viral thymidine-kinase (tkv) before a host kinase as a first activation step. Further transformations, dependent on host cell enzymes, convert them to their active form, ACV or PCV triphosphate. These antivirals selectively inhibit the replication of herpes virus because of three properties: 1) they selectively concentrate in the cells infected by the virus due to the catalytic action of the tkv enzyme, whereby 2) the active molecule, ACV triphosphate, has a higher affinity for viral DNA-polymerase (DNApol) than cell DNApol, resulting in a selective competitive inhibition of the enzyme; finally 3) a complex is formed between ACV triphosphate, incorporated into the elongated DNA chain, and viral DNApol, which irreversibly inactivates the enzyme [14, [32] [33] [34] [35] [36] [37] .
During extended use in immunocompromised patients, ACVresistant HSV infections have been observed. Most ACV-HSVresistant strains have lost the ability to phosphorylate the drug, caused by alterations in tkv, so tkv (negative tkv strains) is not detected. Less frequently, tkv (tkv positive strains) may be detectable, but its affinity for the substrate is abnormal. Finally, there are rare mutants with normal tkv activity but with impaired viral DNApol activity to ACV-triphosphate. This is caused by multiple mutations in the gene encoding tkv and DNApol [38] [39] [40] [41] [42] [43] .
As an alternative to this problem, there are agents that act through a mechanism of action different from ACV. Pritelivir (BAY 57-1293; AIC316) is a new drug under clinical study that inhibits helicase primase; however, HSV can also develop resistance to this agent [44] [45] [46] [47] .
This not only indicates the importance of identifying and evaluating new molecules with activity against HSV with mechanisms of action other than those dependent on viral tkv and DNApol, but also, the importance of finding broad-spectrum drugs, preferably to help in the treatment of both HSV-and HIV-infected patients [46] [47] [48] .
Natural Products
An alternative source of new drugs is medicinal plants, due to the presence of secondary metabolites, which perform non-essential functions in plants. These are characteristic of a limited range of species and have an appealing therapeutic interest because they have biological effects on other organisms [49] [50] [51] [52] [53] [54] [55] . Medicinal plants are not only used in alternative medicine in the treatment of diseases, but also the molecule with therapeutic activity can be isolated and used by traditional medicine [56] [57] [58] [59] [60] [61] .
Also, the compounds contained in natural products can serve as precursors for the development of new drugs through structureactivity relationship studies, since their structural diversity is superior to that exhibited by compounds produced by combinatorial chemistry. Natural product compounds have a wide range of pharmacological activities, since the expression of secondary metabolites has an evolutionary reason [58, 59, [62] [63] [64] [65] [66] [67] . As a result, approximately 85% of the world population, uses a medicinal plant as a first choice for health care [68, 69] . Thanks to the advantages of medicinal plants, there is a great possibility of finding compounds with activity against HSV. The objective of this review is to give an overview of plants with anti-herpetic activity, reported in recent years.
MEDICINAL PLANT EXTRACTS WITH ANTI HERPETIC ACTIVITY
The first step in isolating an anti-herpetic compound from a plant is to perform an extraction process, followed by an evaluation of the activity of the extract. For optimum extraction of plant components, it is critical to select the proper solvent; this will depend on the characteristics of each investigation [70, 71] . Most extractions are performed with solvents such as water, methanol, ethanol or a mixture thereof (Table 1) . In recent years, the use of environmentally-friendly solvents has increased [72] [73] [74] . It is well known that the mixture of water and alcohols (methanol and ethanol) is widely used to remove a large number of compounds (acquired ratio) with greater chemical diversity [75, 76] . This does not mean that these solvents or their mixture are always the best choice for extraction because, as mentioned before, the working conditions of each laboratory must be considered [77, 78] .
To determine anti-herpetic activity in vitro, it is essential to use a cell line that is susceptible and permissible to viral infection. There is considerable variety of cell lines with these features; however, in this review, in most of the studies cited (Table 1) , Vero cells were used. These cells are widely used in antiviral assays because the lytic cycle of several viruses can be reproduced [79, 80] , among these HSV [81] .
In the study of compounds with anti-herpetic activity, the evaluation of cytotoxicity is important; for this, the mean cytotoxic concentration (CC 50 ) is calculated. There are several methods for determining this parameter. Among these are the Neutral red dye uptake assay (NDRUA), Cytopathic effect assay (CPE), MTT 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide and its derivatives (XTT, WST and MTS). In the case of the literature consulted and according to the data cited in Table 1 , MTT is the most widely used, followed by NRDUA. The plants with lower cytotoxicity were Coptidis rhizome (321,000 µg/ml), Malus sylvestris (15.251 µg/ml), Camellia sinensis (10,000 µg/ml), LDXGT (4,077 µg/ml) and Salvia sclarea (2,500 µg/ml). However, this does not indicate that the MTT assay is always the right one. This will depend on the conditions and characteristics of each research [82] [83] [84] .
To evaluate anti-herpetic activity, the mean inhibitory concentration (IC 50 ) is used. This can be calculated with the plaque reduction assays (PRA), the MTT assay, determination of cytopathic effect (CPE), among others. The PRA method is most commonly used assay to determine the IC 50 , followed by CPE (Table 1 ). Both assays are simpler than MTT, do not need special equipment, and have good correlation with some interlaboratory variability and subjective endpoints. However, for PRA, a quick and easy staining is performed, which facilitates observation of the plaques formed in the experiment; this is probably the reason why it is used more than CPE [85, 86] . The plants with the greatest activity were Cajanus cajan (0.022 µg/mL), Melissa officinalis (0.025 µg/mL), Menta x piperita (0.041 µg/mL), Thymus vulgaris (0.065 µg/mL) and Prunella vulgaris (0.229 µg/mL) ( Table 1) .
As previously mentioned, the calculation of CC 50 is frequently performed, this is because it is necessary to determine the selectivity index (SI), which is a parameter that helps rule out the possibility that the antiviral effect, is related to its cytotoxic effect, also it is useful to assess the safety of the compound as an antiviral agent. The IS is calculated by obtaining the ratio CC 50 /IC 50 . Compounds with values > 2 are considered indicators of specific antiviral activity [87] [88] [89] [90] . The plants with the best SI were Rhus aromatica (5, 400) , Menta x piperita (2,609), Melissa officinalis (2, 200) , Ficus benjamina (980) and Thymus vulgaris (954) ( Table  1 ). It is noteworthy that Rhus aromatica does not appear among plants with greater anti-herpetic activity; this is because the IC 50 was determined in percentage units, making it difficult to compare with other plants, as they express their concentration in µg/ml. Also in Table 1 it can be seen that the most studied Families are Lamiaceae, Asteraceae and Euphorbiaceae. The plants of the family Lamiaceae have been the most studied and tend to have antiherpetic activity [37, 91, 92] because in these plants it is common to find rosmarinic acid, which is a widely known antiherpetic [93, 94] Lamium album and Lycopodium clavatum only anti-herpetic activity has been determined, while the rest have been studied to determine the mechanism of action of their extract.
COMPOUNDS
OF NATURAL PRODUCTS WITH ANTIHERPETIC ACTIVITY After anti-herpetic activity has been determined in the primary extract of interest, it is important to continue bioguided isolation. Usually, the primary extract is subjected to extraction with solvents of different polarity; this is called secondary extraction. For extraction, it is important to always take into account the polarity of the compounds of interest, remembering the principle that like dissolves like [75] .During the development of this review (Table 2) , it was found that the secondary extracts, methanol, ethyl acetate and dichloromethane, contained a greater amount of anti-herpetic compounds (data not shown). As mentioned before, methanol is a green solvent that is used par excellence; ethyl acetate is also considered a green solvent; however, although dichloromethane is an excellent solvent it is not considered a green solvent. It continues to be use because it is difficult to replace it completely with socalled green solvents [95, 96] . After performing secondary extractions, usually bioguided isolation follows, in order to obtain isolated compounds in which the IC 50 , CC 50 are determined to calculate the SI. In the case of the isolated compounds summarized in Table 2 , it was observed that for the determination of cytotoxic activity the use of Vero cells and the MTT was more frequent. As shown in Table 2 , the plants from which compounds with less cytotoxicity were isolated were Caesalpinia iron, Caesalpinia férrea, Jatropha dioica, Sargassum tenerrimum, Mentha suaveolens and Euphorbia denticulata because these showed the highest CC 50 values, and from which the following compounds were isolated: sulfated polysaccharide (>3000 µg/mL), riolozatrione ( 20) were obtained with a better SI. These compounds have the greatest possibility as anti-herpes treatment.
A wide range of isolated compounds are observed in Table 2 , which include in order of abundance: terpenoids, polyphenols, polysaccharides, glycosides, and peptides, among others. There are reports that this class of compounds, often have anti-herpetic activity [3, 97, 98] . Also the plants Tanacetum vulgare, Baccharis gaudichaudiana and Vernonia scorpioides belong to the Asteraceae family. These are known to contain a large number of isolated compounds with therapeutic activity [60, 99, 100] .
Of the plants in Table 2 that were investigated: Tanacetum vulgare, Mimosa scabrella, Bidens pilosa, Achyranthes aspera, Sargassum tenerrimum, Isatis indigotica, Betula pubescens and Calystegia soldanella have reports of some antiviral activity, hence the interest in studying them against some unreported type of HSV. The rest of the plants in Table 2 had a previous antimicrobial or therapeutic (antioxidant, anticancer, hepatoprotective, etc.) study, except Euphorbia denticulata. Finally, in Isatis indigotica, Carissa spinarum, Gallesia gorazema, Calystegia soldanela and Vernonia scorpioides, only anti-herpetic activity was determined, while in the rest of the plants, studies to determine the mechanism of action of the extract were conducted.
This paper presents a collection of 65 extracts and 32 compounds isolated from at least 85 plants with anti-herpetic activity. As a result, it is obvious to conclude that plants continue to be a rich source of compounds with anti-herpetic activity, thus it is vital to continue this type of research. However, isolation of antiherpetic compounds is not only important, but also the study of their mechanism of action; this, in order to prevent the development of a therapeutic formulation with the same mechanism of action as ACV and PCV, thereby preventing the unnecessary waste of resources in the search for antiherpetic compounds. Also, once an antiherpetic compound that acts through a novel mechanism of action is isolated, it is important to define if this isolated compound exerts activity against other viral diseases.
